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ABSTRACT

A Jarrell-Ash 21 foot grating spectrograph was adapted to direct
reading by replacing the photographic plateholder with exit slits and
photomultiplier tubes. Using & hollow cathode discharge tube for
excitation of the sample and the isotopic shift effect, uranium 235

was determined in several samples by comparison with a single standard.
The uraniww 235 content of the samples and standards was known from
mass spectrometer measurements to within 0.5% of the amount present

at the 95% confidence level. For a determination consisting of 10
measurements, the precision obtained was from plus or minus 1.2 to 1.8¢
of the amount present over & concentration range of from 8% to 11.9%

uranium 235.
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THE SPECTROCHEMICAL ASSAY OF URANIUM 235
USING PHOTCMULTIPLIER TUBES

The spectrochemical assay of uranium 235 utilizing the isotope shift effect
differs very little from other spectrochemical analyses. The complexity.
and the heavy optical background of the uranium spectrum, however, present
certain difficulties. The wavelength difference between the two isotopic
lines used here is 0.24lt A., although isotopic shifts of greater and
lesser magnitude have been observed at other wavelengths (11). Due to
these factors, high resolution and dispersion are required.

Earlier work using the direct current arc as the excitation source and
photographic recording has been described in a previous report (7). The
present report deals with the use of the hollow cathode discharge tube
for the excitation source and photomultipiier tubes for recording using
a Jarrell-Ash 21 ft. spectrograph. Studies of a similar nature have
been carried out by Brody (1).

EXPERIMENTAL

Hollow Cathofe Discharge Tube

A hollow cathode discharge tube was used as an excitation source because
of its stability, production of narrow spectral lines, economy of sample,
and continuity of operation over long periods of time. This tube was
designed by McNally; a prototype was described by McNally, Harrison, and
Rowe (8). A sketch of the tube and the open system for ges circulation

is shown in figure 1. A direct current power supply capable of delivering
500 milliamperes at 1500 volts was connected to the tube through a 2000
ohm ballast resistor. Photographs of these units are shown in figures

2 and 3.

Sputtering gas mixtures of 1:2, 1:1, 2:1, 4:1, 9:1, and 19:1 parts of

argon to helium as well as the pure argon and pure helium were investigated.
It was found that a maximum intensity of the uranium spectrum was obtained
using a mixture of 9 parts of argon to 1 part of helium. Different gas
pressures were also examined, and it was found that the greatest intensity
was obtained at a pressure of 3 mm. of mercury absolute. These results

are in agreement with those obtaired by Brody (1).

It was found that the intensity of the uranium spectrum was greatly
enhanced and the ratio of the intensity of the spectral line to the
intensity of optical background was improved by increasing the excitation
current of the discharge tube to 300 ma, Still higher currents may prove
useful. The improvement in the ratio of the intensities of the spectral
line to optical background may prove to be useful for measuring low
concentrations of uranium 235. All of the present work, however, was
done with 100 milliamperes.

The operating conditions which were used are summarized in table I.
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Figure 3. Power and Control Unit for Hollow Cathode Discharge Tube
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TABLE I

OPERATING CONDITIONS FOR HOLLOW CATHODE DISCHARGE TUBE

Composition of Sputtering Gas: & parts of argon to 1 part of helium.
Pressure Gas: 3 mm. of mercury absolute
Currént; 100 milljiamperes

‘Sample: 6 mg. of uranous uranic oxide; or 4 mg. of uranyl nitrate, the
solution of which is evaporated in the hollow of the cathode.

A graphical trace of the light intensity of the uranium 235 spectral line
as a function of time to show the build up and decay of the intensity
from the discharge tube was made, as shown in figure L, This trace
indicates thst there is a rapid build up of the intensity of the uranium
spectrum during the first fifteen minutes, after which the intensity
levels off and then decreases slowly. Intensity measurements on samples
were, therefore, made after the fifteen-minute build-up period.

Urenium spectra were obtained using either solid uranous uranic oxide or
uranyl nitrate sclution. In the latter case, a few drop of a solution
of the nitrate were transferred to the hollow of the cathode and

evaporated to dryness.

The Spectrograph

A Jarrell-Ash spectrograph with a six inch grating having 15,000 lines per
inch and a focal length of 21 feet 10 inches was used in the second order.
. The entrance slit was 10 microns wide and 15 mm. high, The light from
the source was made parallel with a 10 cm. spherical lens, which also
served as the window for the discharge tube. Crossed cylindrical lenses
as used by G. Hansen and described by Harrison (4) were used: a 10 cm.
cylindrical lens (axis vertical) was used to focus the parallel light
on the slit in the horizontal plane, and & 60 cm. cylindrical lens
(axis horizontsl) was used to focus the parallel light on the collimating
mirror. A sketch of the optical system,not drawn to scale, is shown in
figure 5. With this arrangement, & narrow beam of light was produced
along the length of the entrance slit, and most of the light that passed
through the entrance slit fell on the ccllimating mirror. The filter
was used to remove interference from other crders.

Recording Using Photomultiplier Tubes

Two procedures, designated as scanning and integrating, for measuring
the intensities of the two spectral lines and the optical background have
been investigated. A description of each method together with the re-

sults obtzired follows.
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Scanning. A single slit and a single photomultiplier tube, similar to

that used by Crosswhite (2) and Dieke (3), were mounted inside a light-
tight metal box which was mounted on the back of the Jarrell-Ash spectro-
graph in place of the photographic plate holder. In thie instrument wave-
length is changed by moving laterally a steel beam which is pivoted at

one end. The grating is mounted at the pivoted end snd the photomultiplier
and exit slit case at the other end. The scanning drive consisted of a

l/h h.p., 1800 r.p.m. electric motor coupled to a two stage reduction

gear with a ratio of 600 to 1 per stage, or a total reduction of 360,000

to 1. A besring was attached to the gear box shaft by means of a bushing
with the shaft hole 11/32" off center. A sketch of the bearing and
bushing is shown in figure 6. The case of the bearing was attached to

the steel beam of the spectrograph through a 1/4" connecting rod. Rotation
of the shaft in the off-centered bushing caused the steel beam to move
laterally, which in effect moved the exit slit with respect to the spectrum.
The motor speed, ratio of the gear reduction boxes, and the eccentricity
of the bearing were such that the scanning speed of the spectrum with
respect to the exit slit was 0.2 mm. per minute. Using the 42uh A.
isotopic line pair, 30 seconds were required at this rate to scan from

the peak of the uranium 238 line to the peak of the uranium 235 line, and
an additional 15 seconds to scan from the peak of the uranium 235 line

to the region selected for measurement of background.

The output from the phoﬂomultiplier tube was connected to a recorder
through a 4 stage 100% negative feed back amplifier (9). A simplified
schematic diagram of the circuit for scanning is shown in figure 7.

A trace of the region from 424k A. to 4246 A. is shown in figure 8. The
uranium 235 line (4244.127 A.), the uranium 238 line (L24Lk.371 A.), and
the region (24li.0 A) where background wBs measured are indicated on the
trace.

Figure 9 is a trace of a measurement of the intensity ratic of uranium 235
to uranium 238 at the 10.366% uranium 235 level. The intensities of the
uranium 235 line and the uranium 238 line were measured above the photo-
multiplier tube dark current and the optical background, as indicated

in the figure. The amplifier was adjusted for sufficient sensitivity to
record the intensity of the relatively weak uranium 235 line. To measure
the intensity of the strong uranium 238 line, a bucking voltage was
introduced which caused the recorder pen to move down-scale a known amount.
The "shoulders" on the trace on either side of the uranium 238 line were
caused by the introduction of the bucking voltage in ten division steps
just as the exit siit jaw cleared the uranium 238 line and then the
removal of this bucking voltage as the Jjaw moved over the uranium 238 line.

A damping condenser was included to filter out the shorter period
fluctuations in the output of the photomultiplier tubes. This technique
increased the period of the circuit so that the recorder did not respond
to the shorter period variations.

An exit slit having a width of 50 microns was used. This width was equal
to one half the distance between the centers of gravity of the two
isotopic lines, and was chosen so that the slit opening would be over
each spectral line the same period of time that it was over the background
region between these lines.



s

A

|_l| ROD - TO

\ ,%

DETAILS OF BEARING AND BUSHING

FIGURE 6




0.0047 mfd

15

0.047 mfd

A

1,000 VOLTS D.C——_

—

0.094 mfd

D.C.
AMPLIFIER

0.1 meg each

SIMPLIFIED SCHEMATIC CIRCUIT
DIAGRAM FOR SCANNING

FIGURE 7

AC. AMP.
AND
RECORDER




16

8 34N9td
Y1629 OL Y |2t WOY4 NOI93¥ v¥103dS 3IHL 40 3oVl

vovvev

ANNOY¥ONOYE \

Yy L1v3b WNINVEN
Y L2I'bb3b GE2-N

YI.E bvav 8€2-Nn

Yy €'9%2b WNINVIN




17

002+66 831

2010 = TR YILE PPV
L3I'bb2Y
. S€31 vo'bvee W
6010 = 56+ zo10 E
_ s€3y yo'vvar O
- o
i -4
1217 b3t o
8€3
Ol'0= p@mlmf%@ = d.n.uPH YIiLE POV
e ———
s——

! eea]

8 optical background.
FIGURE 9

tube dark current

INTENSITIES OF URANIUM-235 AND URANIUM-238



18

- The intensity ratics of the uranium 235 spectral line to the uranium 238
gpectral line were measured on a series of gtandards, for each of which
the percent uranium 2%5 was known from mass spectrometer measurements.
Bach standard was then treated in turn as an unknown, and the percent
uranium 235 present was determined from a single standard and the intensity
ratios of the unknown and of the standard as measured on the optical
spectrograph. The results obtained, together with a statistical
evaluation at the 95% confidence interval, are given in table 2. 1In
appendix I appear the individual ratios from which the average value
reported in table 2 were obtained. The method used to calculate the
percent uranium 235 in the unknown from the intensity ratios and a
single standard is similar to that used on the mass spectrometer at K-25

and is shown in appendix IT (6,12).
TABLE II

MEASUREMENTS OF URANIUM 235 USING SCANNING ,

Percent Uranium 235 ' Percent Uranium 235
(Optical Spectrometer) (Mass Spectrometer)
10,52 + 0.17 (1.63%) . 10;366 + 0.046 (0.44%)
11.89 + 0.19 (1.59%) 11.903 + 0.C51 (0.43%)
9.72 + 0.12 (1.21%) 9.860 + 0.0k (0.45%)
8.00 + 0.14 (1.79%) 7.962 = 0,035 (0.44%)

All limits shown are at the 95% confidence level.

Each optical value is an average of ten individual measurements.

Integration. In this method, which is based on those used by Hassler (5)
and Saunderson (10), a separate fixed exit slit and a photomultiplier

tube are placed behind each spectral line the intensity of which is to

be measured. One exit slit and a photomultiplier tube were mounted behind
the uranium 235 line at 424L4.127 A., & second exit slit and photomultiplier
tube were mounted behind the total uranium line at 4S567.687 A., while a
third exit slit and photomultiplier tube were placed at 4425.0°A. to
measure the background. ’

A switch connected each photomultiplier tube to a condenser, and the out-
puts of the three photomultiplier tubes simultaneously charged the three
condensers. After an exposure period of one minute, the condensers were
disconnected from the photomultiplier tubes by the switch, and the back-
ground condenser was connected with opposed polarity in series with the
uranium 235 condenser. The voltage across this combination, which was
proporticnal to the intensity of the uranium 235 line corrected for optical
background, was measured with the amplifier used in the scanning procedure.
The background condenser was then disconnected from the uranium 235
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condenser and connected in series with the non-isotopic or total uranium-
line condenser, again with polarity opposed. The voltage of this
combination, which was proportional to the intensity of the total uranium
line corrected for optical background, was then measured. After the
measurements were made, the condensers were discharged and the instrument
was ready for the next measurement. A simplified schematic circuit
diagram is shown in figure 10. A photograph of the amplifier, switching
unit, and the photomultiplier tube housing is shown in figure 11. A
photograph showing the arrangement of the exit slits and the photomultiplier
tubes is shown in figure 12. The amplifier was of the null type and used
the potentiometer principle for the integration measurements, so that the
ratio of the two net voltages, which was equal to the ratio of the
intensities of the uranium 235 line to the total uranium line, was read
directly from four dial decades mounted on the amplifier panel.

The dark current of the photomultiplier tubes was compensated for by
permitting a small current equal to but opposite in polarity to the dark
current of the photomultiplier tube to flow into the condenser during
the charging period.

To make proper correctioms for the optical background, it was necessary
that the gensitivities of the three tubes be adjusted so that the back-
ground readings at the uranium 235 and at the total uranium line be equal
to the bpackground reading of the photomultiplier tube measuring the
background. This adjustment was made by moving the uranium 235 exit
slit to one side of the uranium 235 line, and the total uranium slit to
one side of the total uranium line, at which points the optical back-
grounds were assumed to be equal to the optical backgrounds under the
uranium 235 line and under the total uranium line respectively. The
voltages applied to the three photomultiplier tubes were then adjusted
until the output of each tube was the same. The slits were then re-
turned to their proper positions over the spectral lines.

A series of 10 ratios of the intensity of the total uranium line to the
intensity of the uranium 235 line were measured for material at a con-
centration of 50% uranium 235. The mean ratio and the precision at the
95% confidence level were 0.3506 * 0.00064 (0.18%). The individual
ratios are given in appendix III.

DISCUSSION

Scanning. Random fluctuations in the output of the photomultiplier tube
1imit the precision of the measurement of small light intensities. These
fluctuations are believed to arise from leakage current across the
insulation and from thermionic emission, and can be minimized by taking
proper precautions with the insulation and by cooling the photomultiplier
tube in liquid nitrogen. The effects of these fluctuations can be reduced
by increasing the period of the circuit so that the recorder does not
respond to the shorter period fluctuations.

Additional factors must be considered when using a damping condenser to
increase the period of the circuit. The scanning must be slow enough for
the voltage across the damping condenser to build up to the output voltage
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of the photomultiplier tube while the exit slit is over a spectral line

and to decay to the output voltage of the photomultiplier tube while the

exit slit is over the background region or over a weaker spectral line.

In other words, since the speed of response of the recorder has been re-
duced so that it does not respond to the short period random fluctuations,

it is necessary that scanning be slow enough so that the recorder can

respond quantitatively to the changes in the output of the photomultiplier
tube as the exit slit moves across the spectral lines and background regions.

If the scanning period is to be used most economicaelly, it ds necessary
that the exit slit remain over each of the isotopic spectral lines for the
same period of time as it does over the background region between the
lines. The damping condenser will then have equal periods to reach
equilibrium with the output voltage of the photomultiplier tubes during
the build vp and decay. This condition was fulfilled when the exit slit
width was made equal to one half of the distance between the center of
gravities of the isotopic spectral lines. ’

Since the scanning speed was such that it took 45 seconds to scan urenjium
238, uranium 235, and the background region (see figures 8 and 9), it was
essential that the absolute intensity of the excitation source remain
constant during this period. Examination of figure 4, which shows a trace
of the absolute intensity of uranium 235 as a function of time, indicates
that the requirement that the absolute intensity remain constant during
the 45 second scanning interval was met approximately after the initial

15 minute build-up period.

To reduce the effect of the variance in the absolute intensity of the
excitation source, a reversing switch was installed on the scanning motor.
This reversal permitted scanning first in one direction in which the order
of recording was uranium 238, uranium 235, and background, and then in
the reverse direction in which the order was background, uranium 235,

and uranium 238. The measurements in both directions were averaged and
treated as a single measurement. A more direct and probably more precise
method to compensate for variations in the absolute intensity would be

to use a second photomultiplier tube as & reference tube and record the
ratio of the outputs of the scanning tube to the reference tube (2,3).

Integration. The integration method of recording is in the process of
development, and additional work, particularly regarding the reproducibility
of the intensity ratio with time and with variations in the absolute
intengity of the excitation source, is required.

SUMMARY

A Jarrell-Ash 21 foot spectrograph using a 6 inch, 15,000 line per inch
grating was adapted for direct reading of the gpectral lines by attaching
a specially constructed housing containing exit slits and photomultiplier
tubes. Using this instrument in the second order and a hollow cathode
discharge tube for excitation of the sample, & series of measurements was
made to determine the 95% confidence interval for seversl concentrations
of uranium 235. Two methods of direct reading, designated as scanning
and as integration; were used.
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A precision ranging from 1.2 to 1.8% of the amount present on samples

assaying between 8 and 12% uranium 235 was obtained using the scanning
technique. Ten measurements were made on each unknown and the percent
uranium 235 was evaluated from a single standard, which was known from

mass spectrometer data to Ou5% of the amount present.

Using the integration method, a series of ten intensity ratio measurements
was made on material containing 50% uranium 235, The mean ratio and the
precision were 0.3506 * 0.00064k (0.18%). Additional work is required for

the integration method.
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APPENDIX I

INDIVIDUAL INTENSITY RATIOS OF U-235 TO U-238
USING SCANNING ON THE OPTICAL SPECTROMETER

Percent Uranium 235: 7.962

Average

0.080
.078
079
.078
.078
.082
.081
0.080
0.076
0.081

[oNeoNeoNoNoNe)

0.079+0.001

9.860

0.100
0.102
0.099
0.100
0.101
0.100
0.100
0.099
0.098
0.098

0.100+0.001

10.366

0.106
0.108
0.105
0.110
0.106
0.109
0.105
0.10k4
0.110
0.109

0.,107£0.002

11.903

0.125
0.125
0.127
0.125
0.124
0.123
0.123
0.125
0.127
0.127

0.125%0.001

The precisions of the average intensity ratios are at the 95% confidence

level.
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APPENDIX I

Calculations, The method used to calculate the percentage uranium 235 in the unknown from a single
standard is similar to that used by the Mass Spectrometer Section. The equation used is given below.
" The symbols used are as follows:

subscript U= unknown
subscript S = standard
R = intensity ratio

N.
235 = mole ratio

Ny3g
I = light intensity

R (%U-235,)
100 R (100-%U-235)

%U-235, =
Numerator

1 +=760

The basis for this relationship is as follows:

%U-235
Nu-zss = ( 235 = IU-235 - R assumed, and no correction
Nu-zsa %U-238 ) Iu-zss being made for U-234
238
( %U-235, ) ( 238 )
100-%U-235 235 _ R,
( %U-235 ) ( 238 ) Rg
100-%U-235 235
R %U-235
%U-235 = "( 2 ) (100-%U-235 )
Rg \100-%U-2354
R %U-235 R »U-235
%U-235 + 2 (____S ) (#@U-235) = 100 ¢ (_7____5__)
v Ry \100-%U-235 R \ 100-%U-2354

R %U-235 R %U-235
%U-235 [1+_U (s )J - 100 _u( s )

RS 100-%U-235 R 100-%U-235

R ( %U-235)
100 R (100-%U-235 )
R, ( %U-235 )
R (100-%U-235)

%U-235 -
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APPENDIX III

INDIVIDUAL INTENSITY RATIOS USING INTEGRATION

0.3512
0.3509
0.3499
0.3520
0.3510
0.3517
0.3505
0.3491
0.3500
0.3500

X = 0.3506 + 0.00064 (0.18%) at the 95% confidence level.

GPO 9708841



